Abstract Negative appendectomy remains a concern in current surgical practice. Data from the developing world is scarce. Data of appendectomies during the last 5 years were analyzed. Interval and incidental appendectomies were excluded. The demographic details, presenting complaints, clinical signs, and investigations performed were recorded in a predesigned proforma. The data were critically analyzed. Six hundred eighty-five appendectomies were performed during the period. One hundred eighty-five patients with a normal appendix were identified on histopathology. Sixty-seven patients with incidental or interval appendectomies were excluded. Thus, 118 patients had appendectomies performed erroneously. All these patients with presumed diagnosis of acute appendicitis were operated on by resident surgeons. Records of 17 patients could not be retrieved. The most common symptom was abdominal pain (100 %), and the commonest sign was right iliac fossa tenderness (93 %). Most of the patients underwent USG to supplement the diagnosis. CT scan and diagnostic laparoscopy were not performed. The negative appendectomy rate was 17.2 % (12.4 % in males; 33.3 % in females). The highest incidence of negative appendectomy was in females aged 11-20 years (66.7 %). The rate of negative appendectomy at our institute is comparable with the world statistics. More diligence is required in making the clinical diagnosis of acute appendicitis, especially in young females. The use of C-reactive protein and CT scan may decrease the negative appendectomy rate.
Introduction
Acute appendicitis (AA) is the most common surgical emergency making appendectomy the commonest emergency operation performed worldwide [1] [2] [3] . It also probably is the first abdominal surgery a resident performs during his surgical training. Although clinical suspicion of appendicitis appears straightforward with well-known symptoms and signs being recognized for years, a number of medical and surgical illnesses closely mimic appendicitis resulting in the establishing of a false diagnosis in a considerable number of patients. This leads to the removal of the normal appendix in patients presumed to be having AA. The reported negative appendectomy rate (NAR) varies from 4 to 45 %, with the highest incidence in women of the reproductive age group [4] [5] [6] .
Performing appendectomy with an erroneous diagnosis may lead to complications inherent to the surgery and problems from systemic adverse events, wound infection, hospital stay, and even death [7, 8] . Various scoring systems, biochemical markers, and imaging modalities have been introduced to substantiate the diagnosis of AA and thereby decrease NAR. However, there is continuing controversy regarding their availability, cost, validity, and routine use [1, 9, 10] . A number of studies have been conducted in the West to audit and decrease NAR, but there is paucity of similar studies from the developing world. We undertook this as an opportunity to look at our NAR and compare the results with the published English literature. We also appraised the views, results, and recommendations of authors who worked on this problem and derived conclusions which may further help to decrease NAR.
Material and Methods
The study was approved by the Institutional Review Board. Data of all patients who underwent appendectomy at our institute, which is a high-volume tertiary care teaching hospital, over 5 years (January 2008 to December 2012) were collected from the clinical database of the hospital. The patients with a histopathological finding of normal appendix were identified. Out of this, the patients with nonemergency appendectomies like interval appendectomy following resolution of an appendicular lump or incidental appendectomy performed during some other surgery were excluded. The medical case records of the patients with true negative appendectomy were sought. The names of the patients from the case records were covered by a paper flag, and the files were then coded with numbers to maintain patient confidentiality. Records of 17 patients could not be found. Remaining case records were reviewed in detail, and the following parameters were recorded: demographic data (age and sex), presenting complaints (duration of illness, nature, character, shifting and radiation of pain), associated symptoms (anorexia, nausea, vomiting, fever, bowel or urinary complaints), vital parameters (tachycardia and body temperature), examination findings (tenderness, peritonism), hematological investigations performed [notably total leukocyte count (TLC)], special investigations (ECG in patients above 35 years and urine pregnancy test in females of the reproductive age group), radiological investigations [ultrasonography (USG) of the abdomen, X-ray of the chest and abdomen], and specialist referral like gynecological opinion in select patients. The operative findings and outcome following surgery were also recorded. The data so obtained were analyzed, and the results were compared with those of similar studies done elsewhere.
Results

General Data and Demography
Six hundred eighty-five patients underwent appendectomy during the 5-year period (526 males and 159 females; sex ratio 3.3:1). Most patients were 20-30 years of age. The average number of appendectomies performed each year was 137 with variation from a minimum of 111 in 2010 to a maximum of 152 in 2007. Appendiceal pathology was confirmed in 500 patients (Table 1) while 185 patients had a normal appendix on histopathologic examination. Of all the normal appendices, 67 belonged to patients with either interval or incidental appendectomies; thus, in 118 patients, the appendix was removed wrongly. This comprised 65 males and 53 females (sex ratio 1.2:1), with males mostly in the age group 21-30 years (n=25) and females in the age group 11-20 years (n=24). Overall NAR was 17.2 % (12.4 % in males and 33.3 % in females). However, the NAR in females aged 11-20 years was 66.7 % ( Table 2 ).
Presenting Complaints
The most common symptom was abdominal pain (100 %), followed by anorexia (70 %), vomiting (59.1 %), and fever (45.7 %). Only 45.3 % of patients reported shifting of pain. Other symptoms reported were diarrhea (11 cases), constipation (14 cases), and dysuria (13 cases). The mean duration of symptoms was 92 h (range 2 h to 8 days).
Vital Parameters and Examination Findings
Tachycardia was documented in 35 % while 13.6 % had fever at presentation. Right iliac fossa (RIF) tenderness was present in 93 % and rebound tenderness in 79 % of patients. In 5.9 %, ). X-ray of the chest and/or abdomen was performed in 23 %; however, the findings were unremarkable pertaining to acute abdomen. Urine pregnancy test done in 17 % was negative in all except in one lady who presented in her late first trimester. USG abdomen was done in 75.2 % of patients. The commonest findings were probe tenderness in RIF (34.7 %) and periappendiceal fluid (25.3 %); however, the appendix was not visualized in 25.7 % of patients. In 10 % of patients, the appendix was reported normal. Out of 118 patients with negative appendix, USG abdomen was performed in 63. Probe tenderness was reported in 40, periappendiceal fluid was detected in 6, and the appendix was not visualized in 17 patients. CT scan, MRI scan, and diagnostic laparoscopy (DL) was not performed in any patient.
Specialist Referral
Gynecological referral was sought in 57.1 % of female patients, and in most of them, a gynecological cause for acute abdomen was ruled out.
Treatment
All patients underwent emergency appendectomy under general or spinal anesthesia by surgical residents. In most of the patients, gridiron incision was used except in three who presented with generalized pain in the lower abdomen, where a lower midline laparotomy incision was used for exploration. In seven patients, either the incision was extended to a muscle cutting one or a lower midline laparotomy was performed owing to operative difficulty.
Operative Findings
In nearly 90 % of patients, one or more of gross inflammation of the appendix, periappendiceal fluid, surrounding bowel/ omental adhesions, or pus/fibrinous flecks were recorded in operative notes. In 10 % of patients, the appendix was not grossly inflamed and there were no other findings suggesting an intra-abdominal acute inflammatory process.
Outcome
The postoperative period of 98 patients (97 %) was uneventful, and most of them were discharged on the third postoperative day (range 3-6 days). Three patients died of septic complications.
Discussion
The problem of negative appendectomies has long been recognized. The patients undergoing surgical removal of a normal appendix are exposed to all adverse events of anesthesia and surgery; in addition, the pathology which was the actual cause of acute abdomen is not recognized in the garb of AA. Concerns have been raised to decrease NAR in order to overcome these problems. It goes without saying that every effort should be made for making a correct diagnosis of AA. This may sound simple, but as so many medical and surgical diseases resemble closely the clinical symptoms and signs of AA, it is not infrequent to misdiagnose AA [11] [12] [13] . Urgent surgical intervention in AA is prudent to avert the complications of an acutely inflamed appendix. One has to use all of his judgment to strike the fine balance between misdiagnosing AA and not denying surgery to a patient of AA.
Our NAR is comparable to other studies [14] [15] [16] [17] . Various authors have reported that the highest incidence of NAR occurs in females of the reproductive age group (15-49 years) [5, 6, 13, 18] . Although we also recorded a higher incidence in this population, the highest incidence was found in young girls aged 11-20 years.
It cannot be overemphasized that a detailed history and good clinical examination remain the cornerstone in making a correct diagnosis of AA. Few biochemical investigations like raised TLC and C-reactive protein (CRP) have been found to be associated with AA; however, raised TLC was found in only 59.3 % of our patients. It is known that TLC may be normal in AA and when used alone is not a consistent predictor of appendicitis [9, 19] . Some studies have found a strong correlation between raised CRP and AA. These authors suggest that CRP is inexpensive, reduces NAR, and thereby decreases financial burden on the governmental health-care setup [9, 20] . The combination of TLC and CRP, however, correlates better than any one of these investigations alone [9, 12, 13, 20] . CRP was not performed in our patients as this facility is not present in our emergency department. However, we feel that CRP estimation, being cheap and informative, can be made available in all hospitals.
Various decision tools including clinical algorithms, checklists, and scoring systems exist to help substantiate the diagnosis of AA [10, 21] . These tools utilize various clinical and biochemical parameters to validate diagnosis. We could not use them as either few investigations employed by these tools were not available in emergency hours in our hospital or at times the patient was poor enough to afford them from elsewhere. Similar situations might be existing in the health-care institutes across developing nations.
While USG, CT, MRI scan, and DL have been advocated to improve accuracy in the diagnosis of appendicitis, the benefits of these modalities in clinical trials have not been realized in general practice [8, 22, 23] . USG is cheap and easily available, but the results are operator dependent and at times the appendix may not be visualized due to overlying bowel gas limiting the use of this modality. USG was performed in 75.2 % of our patients, and some features suggestive of AA were documented in nearly 90 % of them; still, the NAR in our study was 17.2 % suggesting that USG findings alone cannot be relied on. In addition, in nearly one fourth of our patients, the appendix could not be visualized and USG remained noncontributory.
Various studies recommend preoperative CT scan to decrease NAR [16, 23, 24] . We agree with them in principle, but we feel that availability, cost, radiation exposure, and time required are factors precluding its use in all patients of suspected AA. Similar concerns have been raised by other authors [9, 22, 23, 25] . Although CT is not infallible [26, 27] , it has considerably higher sensitivity and specificity. Following a review of available studies on the usefulness of CT scan in suspected AA, we conclude that judicious use of CT scan can reduce NAR significantly especially in women of the reproductive age group with equivocal clinical findings and laboratory investigations. MRI has still not achieved the status of standard investigation primarily because of its cost and availability. We could not employ DL as the facility for minimally invasive surgery is not available in our emergency operation theatre.
All patients were operated on by residents having at least 2 years of surgical experience. We believe that patient management by them would not have led to much difference in making the diagnosis, operative complications, and mortality. The safety of surgery performed by residents has been supported by other studies [28, 29] . In the operative records of 90 % of patients, one or the other finding suggesting AA was mentioned, but still, NAR in the present study was more than 10 %. We assume that either these findings could have been part of a more generalized inflammatory process which was missed by the operating surgeon, or he may have been biased in reporting these findings once these findings were subtle or absent. In nearly 10 % of patients, appendectomy was performed even in the absence of the operative findings suggesting AA; however, this can be justified as it is known that the appendix may appear grossly normal even in AA [30] .
Three of our patients died in the postoperative period. One of them was elderly with chronic obstructive airway disease who died 5 days after surgery due to acute lower respiratory tract infection. Two other patients who died had presented with generalized lower abdominal pain and shock. In these patients, the periappendiceal fluid was also reported on USG examination. Analyzing retrospectively, we assume that these patients may have had a localized or sealed bowel perforation which might have resulted in localized tenderness leading to the misinterpretation of AA.
To our disappointment, we failed to recover case records of 17 patients reflecting poor record keeping in our setup.
Clinical information from these records would have further strengthened our study. Nevertheless, encountering this shortcoming gave us the opportunity to discuss this problem with the hospital administration and record keeping authorities of our institute. This has resulted in more stringency in collecting, recording, and keeping the data subsequently, and we hope that this will improve the hospital data management.
Conclusion
Our NAR is comparable with that of existing literature. More diligence is required in making clinical diagnosis of AA. Use of CRP in every patient and judicious use of CT scan in select ones may further decrease NAR although it may be impossible to abolish it completely.
